Approximately one kilobase pairs surrounding and upstream the transcription initiation site of a cloned ribosomal DNA (rDNA) of the mouse were sequenced. The putative transcription initiation site was determined by two independent methods: one nuclease Si protection and the other reverse transcriptase elongation mapping using isolated 45S ribosomal RNA precursor (45S RNA) and appropriate restriction fragments of rDNA. Both methods gave on identical result; 45S RNA had a structure starting from ACTCTTAG-.
INTRODUCTION
In eukaryotic cells, ribosomal RNA genes are repeated tandemly in the order of hundreds, one unit being composed of alternating gene and non-transcribed spacer regions (1-3).
The structure and function of ribosomal RNA genes are of special interest because they have different features than either messenger RNA genes, 5S RNA or tRNA genes. First, ribosomal RNA genes are transcribed by RNA polymerase I (or A), a special class of RNA polymerase concentrated in the nucleolus (4-6). Second, these genes appear to be under different control than other genes mentioned above as seen by the different temporal pattern of activation during development (7-10) as well as in hormon action (11) (12) (13) . Different sensitivity to protein synthesis inhibition was also noted between these RNA species (14-19). However, whether some such regulation mechanism as the stringent control which exists in Escherichio coli is operating in mammalian cells or not is yet to be established.
For the purpose of studying these aspects of gene regulation, we have cloned a 14.9 kb EcoRI fragment of mouse rDNA (20) (21) (22) , which is supposed to contain the initiation region of 45S RNA and demonstrated that 45S RNA starts at a site approximately 4.0 kb upstream from the 5' end of the 18S RNA coding region (23) .
Until recently, the only ribosomal RNA gene whose transcription initiation site is known at the nucleotide sequence level is that of Xenopus loevis (24, 25) . Nucleotide sequence between 5S RNA and 18S RNA of Saccharomyces cerevisiae was extensively determined but without information on the initiation site of 35S rRNA precursor (26) . Recently, this initiation site has been determined by the analysis of the precursor molecule (27, 28) . Very little similarity, however, appears to exist in the nucleotide sequences preceding transcription initiation site between Xenopus and Saccharomyces.
Availability of the first mammalian
and the third eukaryotic sequence surrounding the transcription initiation site of rRNA should permit one to compare and examine further sequences which might be significant for the regulation of ribosomal RNA genes.
In this study, we determined the nucleotide sequence surrounding and upstream the putative initiation site of a cloned ribosomal RNA gene of the mouse. The DNA site encoding the 5' end of 45S RNA was determined unequivocally by S. nuclease mapping and by reverse transcriptase extension method.
Several interesting features in the nucleotide sequence near the transcription initiation site of rDNA have been disclosed.
MATERIALS AND METHODS
Preporotion of Recombinont Plosmid and DNA Restriction Fragments. The recombinant plasmid DNAs used were pMrEL-I and pMrSL-II. pMrEL-I carries the 14.9 kb EcoRI fragment within ribosomal DNA in pBR 322 (20,23). pMrSL-II was obtained by ligation of the 3.2 kb Sal I fragment within the 14.9 kb EcoRI fragment to pBR 322 digested with Sal I. The recombinant plasmids were propagated in E. coli X1776.
The cloning of these recombinant DNA molecules and all the subsequent experiments involving recombinant DNA have been carried out according to the Guidelines issued by Japanese Government.
Plasmid DNA was prepared according to the described methods (29) . After plasmid DNA was digested with restriction enzymes under recommended conditions, DNA fragments were separated by electrophoresis on 1% agarose gels or 5-10% polyacrylamide gels and extracted from agarose gels as described by Tabak The nucleotide sequence of the non-coding strand is displayed in 5 1 to 3 1 direction. 5' terminus of 45S RNA starts at nucleotide 1 and proceeds to the right.
The numbers denote the distance from this starting nucleotide.
The strategy of DNA sequencing is shown in the upper part of the figure.
The horizontal arrows indicate the direction and range of the sequence read. exactly the same sequence as determined by the other two experiments, starting at nucleotide 1 ( Figure 5, lane 2) . These experiments together confirm the previous conclusion that the 45S RNA had the 5' end at nucleotide 1.
DISCUSSION
In this paper, we reported a relatively long nucleotide sequence surrounding and preceding the putative transcription initiation site of mouse ribosomal RNA gene. The location encoding the 5' end of 45S RNA was determined unequivocally at the nucleotide level. Whether this is truly the site of transcription initiation depends on whether 45S RNA used in this study wos the primary transcript of rDNA. In the mouse, however, the bulk of 45S RNA has only monophosphate on the 5' terminus when isolated (34) thus making the demonstration of the primary transcript rather difficult. We tried to detect the presence of di-or triphosphate by using vaccinia capping enzyme and S-adenosyl- terminus ( Figure 4 and 5, lane 2) and that no longer molecules were detected as the template of reverse transcriptase indicate that 45S RNA starts transcription at this point, although the possibility of very rapid trimming at the 5' end of the primary transcript and the accumulation of this 45S RNA molecule as a relatively stable intermidiate cannot be ruled out completely.
In Figure 6 , several nucleotides immediately upstream the putative initiation point (nucleotide l) of this rDNA were com- Saccharomyces cerevisiae TGGAGTACAAGT rDNA -~ n GAGGTACTTCAT Fig. 6 . Nucleotide sequences of transcription initiation sites of eukaryotic genes. The sequence of the region surrounding the transcription initiation site of mouse rDNA is compared with the sequences of the regions surrounding the capping sites of SV 40 16S late gene, adenovirus major late gene, rabbit (3-globin gene, mouse a-globin gene, mouse P-globin minor gene, mouse P-globin major gene and mouse immunoglobulin light chain gene. Corresponding regions of Xenopus laevis and Saccharomyces cerevisiae rDNAs are also showrTI Underlined are th~e nucleotide! coincident with those of mouse rDNA sequence. pared with various known sequences immediately before the transcription initiation site (or capping site) of mammalian mRNA. Some similarity may be seen among these regions, although calculation of the coincidence rate may be meaningless with this large variance. It must be remembered, however, that mRNA genes and rRNA genes are transcribed by different RNA polymerases, designated II (or B) and I (or A), respectively. The similarity of the sequence in spite of the different polymerases involved may indicate the existence of some common recognition signals between them. It may be noted in this connection that at least one of the smaller subunits appears to be common between RNA polymerase I and II according to gel electrophoresis (4). In Figure 6 , corresponding sequences of rDNA of Xenopus loevis and Sacchoromyces cerevisioe are shown together. Surprisingly, the similarity in this region is much less between these rDNAs than between mouse rDNA and mammalian mRNA genes. It may be pointed out that many of the known eukaryotic rRNA genes appear to start from A regidue; e.g. Sacchorotnyces cerevisiae ( Whether or not this is a special characteristics of the mouse rDNA remains to be seen. Another interesting feature of this region is the twice occurrence of a pentadecanucleotide, TGCCTCC-CGAGTGCA within an interval of about 100 nucleotides. The first one appears at position -258, right upstream the aforementioned longest T cluster, the second appearing at position -141 followed by a C and a relatively long T cluster. Although neither functional nor structural significance is clear, this sequence must have arisen by some gene duplication mechanism.
